Improved economic, social and environmental decision-making are principal objectives for investing in the development of spatial data infrastructure (SDI) at all political and administrative levels. So much so, resolution 7 of the recent 5 th Global Spatial Data Infrastructure (GSDI) conference in Cartagena, Colombia argued that the purpose of the GSDI is to improve the availability, accessibility, and applicability of spatial information for decision-making (GSDI 2001) . While accepting the development of institutional mechanisms support decision-making by promoting the availability and accessibility of spatial information as part of SDI institutional frameworks, many institutional mechanisms fall short of addressing the applicability of spatial data to the decision environments.
INTRODUCTION
Many national and regional programs and projects are working to improve access to available spatial data, promote its reuse, and ensure that additional investment in spatial information collection and management results in an ever-growing, readily available and useable pool of spatial information. This is considered a key function of a Spatial Data Infrastructure or SDI (GSDI 2001) . Resolution 7 of the recent 5 th Global Spatial Data Infrastructure (GSDI) conference in Cartagena, Colombia, proposed that the purpose of the GSDI is to improve the availability, accessibility, and applicability of spatial information for decision-making and set up a working group to investigate the topic (GSDI 2001) .
Availability, accessibility and applicability are data functions that are essential to the three functional components (phases) of decision-making -intelligence/problem formulation, design and choice (identified by Simon (1960) and still the basis of modern decision process theory and decision science (Cleaves 1999) ). The intelligence (or problem formulation) phase involves scanning the environment for data relevant to finding the answer(s) to the decision, and thus is essentially about the discovery of what data is available to support the decision-making process.
The design phase requires that data be obtained, processed and examined for clues towards the answer(s) to the decision, and is thus reliant on access to data and technologies enabling the analysis of possible courses of action, generating possible solutions and for testing solutions for feasibility. The choice phase involves the selection of an alternative/course of action from those available and relies completely on how the available and accessible data were able to be applied (visualised, analysed and modelled) to the decision.
To address the functions of availability, accessibility, and applicability institutional frameworks have been developed to implement and support spatial data use and access. Institutional frameworks are those supporting the organising, promotion and use of public objects (Turner 1984 p422) , in this case interoperable digital geographic data and technologies. The role of the institutional framework in the development of the Australian SDI (ASDI) was recognised in 1996 (ANZLIC 1996) when it was identified as one of the ASDI's four key components, alongside the clearinghouse network, standards and fundamental datasets, which were the other three components named.
The institutional framework of the ASDI constitutes the policy and administrative arrangements for building, maintaining, accessing and applying the standards and datasets (ANZLIC 1996 p5).
Whilst inroads have been made in promoting data availability and access, the shortfall in current institutional frameworks occur in the promotion of the applicability of data to support decisionmaking beyond information discovery and visualisation, through to analysis and modelling.
This paper aims to discuss the development of SDI institutional frameworks that not only support data products but address the inclusion of technologies and services in order to support a broader range of spatial decision-making processes. It will review the institutional mechanisms currently being utilised in Australia towards developing institutional frameworks that support access to data, data availability and accessibility and in some instances also technologies, for spatial decision-making processes. The variety of decision-making levels supported by these different initiatives is reviewed in terms of decision process theory. The paper concludes with a discussion of the implications of the approaches to developing institutional support for decision-making as part of SDI development, as well as a consideration of directions for SDI development in the future to support spatial decision-making processes.
SPATIAL DATA INFRASTRUCTURES
Spatial Data Infrastructure (SDI) is developed for the purpose of supporting ready access to geographic information to support decision-making processes at different scales for multiple purposes. SDI is achieved through the coordinated actions of organisations (people) that promote awareness and implementation of complementary policies, common standards, and effective institutional mechanisms for the development and availability of interoperable digital geographic data and technologies. It is the institutional mechanisms, in particular, which are of interest in this paper.
The "institutional framework" is about 'who' does what and the provision of "leadership" (Rush 2000 p5) . SDI development is now recognised as both a private and public sector endeavour and involves the academic sector as well. The creation of a national private sector spatial information organisation, the Australian Spatial Industry Business Association (ASIBA), to complement the work of the public coordination body, Australia New Zealand Land Information Council (ANZLIC), has arisen from identifying the benefit of joint dialogue and decision-making on SDI development (ISR 2001) . However, it is largely through the institutional mechanisms, or the 'how' of the institutional framework, that the benefits of collaboration have been demonstrated.
This can be seen through examples of private and public sectors formalising arrangements for the availability, pricing, access and custodial arrangements for data (ISR 2001 , CIC 2001 .
Spatial information is potentially very useful for many applications within the community but has historically not been easily accessible to the majority of people without geographical information systems (GIS) software or skills. There are a variety of institutional mechanisms that bridge this gap to viewing and manipulating spatial data to support spatial decision-making processes within the user community. These include the development of atlases, spatial data directories, on-line cadastral-based services, community resource centres as well as the development of specific decision support tools. These approaches will be discussed subsequently, but move progressively from visualisation tools and interoperable digital geographic data development towards those that also provide the availability of technologies to support spatial decision-making at different levels, including analysis and modelling.
Including technological support as part of the developing infrastructure ( Figure 1 ) is a more expansive understanding of SDI than many definitions (see for example those reviewed in Chan et al. 2001 , as well as the definition proposed by Rajabifard et al. 2002) . However, the role of spatial technologies in the operations of the infrastructure has been recognised as essential to meeting the needs of the multi-disciplinary and multi-participant environments that characterise decision-making for sustainable development (Agenda21 1993 , GSDI 2001 . SDI cannot exist as a means in itself -it is essential the infrastructure support the development of spatial data products, services and the needs of diverse decision-making environments.
Further to this, as the infrastructure evolves people may access spatial data through the technical components (defined by Rajabifard et al. (2002) as access networks, policies and standards and equivalent to the clearinghouse network and standards of the ASDI model (ANZLIC 1996)) either directly (Figure 1a ), or through technologies that will visualise, map or model the data (Figure 1b) prior to the data being used as information in decision-making activities. The current emphasis for people accessing data through SDI is on these technical components ( Figure 1a ). However, the authors' believe these will become increasingly transparent to data users, as access is increasingly sought to 'simplified answers', or data shaped (integrated, analysed, modelled) through technologies like decision support systems (DSS), rather than in its raw form. The transition to this model of 'applied' data access and use (delta SDI (?SDI) in Figure 1b) (Barker et al. 1999) . These and similar projects (Barker et al. 1999) demonstrate the need for more communities to have access to spatial information and the tools and skills which allow for them to plan better and make more informed decisions.
Government agencies are the custodians of large amounts of spatial data useful to the community.
Recent technological developments have caused the democratisation in the ways communities access information and knowledge as well as the demand for more flexible service delivery from government, including access to tools, spatial information and the skills to interpret the information (Barker et al. 1999) . Recent work has been done to propose ways by which government can interact with community and industry to improve the flow of information (Barker et al. 1999) , particularly spatial information, between data custodians and users. Government has an important role to play in developing infrastructure that supports the discovery, access and applications of spatial information and tools for decision support.
There are a number of delivery mechanisms currently used for communities to get access to spatial data and knowledge. These range from individuals including consultants, government representatives and data brokers, who have access to data, GIS and other spatial technologies, and interpretative skills; through to online services delivered through web sites either created and maintained by communities and centred on the business and information needs of that community, or government web sites. Resource Centres for communities are a further example where a suitable combination of integrated data sets, internet tools, web sites, extranets and facilitators/consultants are selected to help users with their information needs. These mechanisms are being used as part of the SDI institutional framework being developed to support access to data, and in some instances also technologies, for structuring spatial data for decision-making.
To this end government are providing support for decision-making through institutional mechanisms providing the availability and access to spatial information and facilitating varying degrees of spatial data applications. These i nstitutional mechanisms include the development of atlases, spatial data directories, on-line cadastral-based services, community resource centres as well as the development of specific decision support tools. These approaches will be discussed in the following section with a particular focus on the degree each institutional mechanism supports data availability, access to data, and in some instances also technologies, for structuring spatial data for decision-making processes at different levels. Examples o f each of the institutional mechanisms will be provided.
Atlases
Atlases represent a network of spatial data nodes which give citizens map-based access to viewing a wide variety of data held by different custodian agencies. The data may be gathered in different formats, using a range of variables and being presented at a range of scales. At any particular scale specified the atlases present to a user the datasets for which spatial data are available.
Atlases function as a way of discovering, selecting and visualising spatial data, with many providing facilities for overlays and map customisation. They are principle tools in the intelligence phase of the decision process, detecting data availability, especially for linking levels of data between local, state and national jurisdictions. 
Spatial Data Directories
A spatial data directory is a tool to improve data discovery for the spatial data industry, government, education and the general community by collecting and storing information about datasets (metadata) and databases. Such a directory is supported through effective documentation, advertisement and distribution of spatial data. The agency coordinating the directory is able to increase the knowledge infrastructure for a community by enabling members to better identify appropriate datasets and communication links with custodial agencies, often facilitating data accessibility, and the intelligence and design phases of the decision process. Whilst these spatial data directories are primarily services for distributed data discovery, using metadata, they may be extended to form the basis of a clearinghouse, which is a distributed model for data access. In principle a clearinghouse is developed from the building block of a spatial data directory through the addition of several new metadata elements, the key being the URL providing the link to Web sites for data access/ordering (ANZLIC 2000) . Clearinghouses are considered a key component of the Australian SDI (ANZLIC 1996) as they are considered the technological framework established to give the community access to fundamental datasets. This is achieved where data from distributed databases would be able to be linked and integrated by common standards and policies in order to be accessible to the community (ANZLIC 1996).
Whilst improved data dissemination is facilitated by a clearinghouse in the short term, on-going access to the data will eliminate the need for users to incrementally update their data copies, because they will always have access to the most recently maintained data. This will greatly increase the support for the design phase of the decision process.
On-line Cadastral-based Services
In practic e the technical difficulties of interoperability and the lack of comprehensive standards mean there are fewer successful examples of clearinghouse models than directories and integrated on-line data visualisation and service facilities developed in the different states in Australia.
Access to direct data down-loading is also still frequently constrained by the development of institutional agreements, the implementation of pricing and licensing policies, and the market definition of user needs. The development of on-line land information, or cadastral-based services has provided the intermediary systems for accessing different forms of land information (often summaries, graphs, tables or reports rather than raw data) and technological services for the presentation or desk-top manipulation of that information. These functions facilitate the design and choice phases of the decision process through the examination of available data and the limitations that may influence the decision alternatives generated from these for the choices phase. Resources Data Directory (NRDD) as a catalogue to discover and access online datasets.
However, in addition to the ANZLIC-standard metadata, accessible to NRDD users, CANRI applications use metadata extensions designed specifically for online data access. (Though at present this does not extend data-download access directly to users due to the nature of many of the institutional agreements with data providers for many of the datasets). The ongoing modification of the format of this metadata and the interface to comply with the OpenGIS Catalogue Interface specifications enable CANRI applications to also make use of other catalogues of data and services as they emerge.
CANRI has been conceived as a framework for information sharing to meet the increasing need for easy, integrated access to a wide range of natural resource and environmental data. CANRI uses the Internet to connect the information resources of many different organisations in situ, without requiring them to surrender data to a centralised depository, but additionally without need for users to 'click through' from site to site to source data they are after -access to data is through the single CANRI web site. The CANRI framework supports access to a wide range of remote data servers over the web; any data server which complies with the OpenGIS Web Map
Server specification is supported (CANRI 2002). A growing number of GIS vendors are now
providing such products and alternative low-cost bridges can be built for most data sources. This enables The CANRI framework to make use of independent information services available on the web, therefore not only making government information available to the community, but enabling community groups and individuals the opportunity to contribute their own information and share it with others through the CANRI website. The flexibility of the CANRI model will accommodate the transition proposed by the authors (Figure 3 ) from SDI being predominantly a raw data facility to an infrastructure providing access to derived data, models and data applications and services. The ?SDI accomodates the evaluation, analysis and modelling of the design phase of the decision process and the comparative analysis of alternatives of the choice phase. 
Community Resource Centres
The main aim of Community Resource Centres (CRCs) is to assist community empowerment by making tools, information, and the skills with which to interpret information, more accessible.
Ideally resource centres for communities provide opportunities for stakeholders to share and exchange information, so the process is not simply one of dissemination. If a CRC is to improve access to information for a community so that they can participate in planning and decisionmaking processes, Barker et al. (1999) believe it must have skills, technology, products and tools, data and credibility. These elements are elaborated on in Table 1 . Barker et al. 1999) The Herbert Resource Information Centre (HRIC) is an example of a CRC. It is a catchmentbased GIS facility that supports the management of natural resources in the Herbert River catchment by providing and allowing access to geographic information, GIS tools and expertise (HRIC 2001).
The HRIC was derived from the Herbert River Mapping Project (1993) (1994) (1995) (1996) , formed to facilitate the collection and sharing of data between 11 agencies from industry, community and the 3 tiers of government (local, state and federal) (Walker et al. 1999) . During the course of the project it became clear the access and on-going facilitation of benefits from the data, especially advanced analysis of the digital data through GIS, DSS and complementary spatial technologies would require an evolving collaboration to manage the resource data (Walker et al. 1999 (Walker et al. , 1998 (Walker et al. , 1997 .
The HRIC currently involves 6 partners from 3 tiers of government, industry and primary producers to facilitate a common geographic view of the catchment and to enable synergistic planning amongst partners and the community (Walker et al. 1999) . Whilst the HRIC does not resource data capture and maintenance directly, it acts as a project manager to coordinate these activities. The HRIC has also enabled the introduction of supporting technologies to be made available to users of the centre facilities, as well as consultation as to the application and modification of such technologies for appropriate decision-making. The commitment of the HRIC to assisting the interpretation of data according to user decision-making requirements is a distinguishing factor of the CRC model and its support of the design phase of the decision process.
One particular example of the introduction of technologies to support decision analysis and alternative generation has been the web-based spatial DSS, NRM-Tools (CSIRO 2001). NRMTools has been designed to explore issues and options in integrated natural resource management and is being run in prototype through the HRIC such that the data and tools being run within the current version are focussed on integrated resource issues from the Herbert River catchment
Another example of a CRC is the Integrated Information Management System (IIMS) initiative developed between 1996-1999 for catchment managers due to the lack of resources (data, models 
Decision Support Technologies
Decision support technologies, often integrated into systems (and therefore called DSS) can be generally defined as "an interactive, computer-based tool or collection of tools that uses information and models to improve both the process and the outcomes of decision-making" (Lessard and Gunther 1999) . The classic DSS is composed of a number of components:
1. Interface between the human and the computer Spatial DSS differ in several important ways from more traditional DSS, as a result of the type and context of the problems they address: they apply to entire communities, public lands, or publicly owned natural resources; they must attempt to bring together the disparate values and objectives of multiple stakeholders; and they need to incorporate multiple sources of expertise (e.g., hydrology, economics, biology, and engineering) . By contrast, traditional DSS focus on private sector resources, single decision-makers, and a narrower base of expertise. They are an example of how DSS are evolving: from systems typically used by one or a small number of specialists, which focus on narrowly defined private sector objectives using proprietary databases, to those that are capable of reflecting broad social objectives, which encourage collaborative decision-making about the places we live and work. Citizens and community groups are increasingly demanding a voice in these decisions, and developers are responding. Victoria's Department of Natural Resources and Environment (DNRE) have developed Catchment Decision Assistant (CDA), which is a windows based software package for building decision trees, defining and recording criteria and ranking projects, issues and sites (Itami et al. 1999) . The CDA software is an implementation of the Analytical Hierarchy process (AHP), a method that helps experts identify criteria and weight the relative importance of each criteria for complex decision making (Itami et al. 2000) .
The motivations for developing CDA were provision of better access to information on catchment conditions, expert interpretation of the data for decision makers, high quality outputs in the form of maps, tables and graphs, and promotion of an information-based approach to decision making using the best available knowledge (Itami et al. 2000) . These motivations have been the same for the NSW Department of Land and Water Conservation, which has similarly been developing a business case for using comprehensive spatial analysis in catchment-scale planning, and specifically for adopting the LAMPS Targets Analysis Process (TAP) as the standard method for this type of analysis in NSW (DLWC 2001) .
The Targets Analysis Process (and its supporting 'Targets Toolkit' of ArcView software and Excel templates) has already been prototyped and fully trialed in the Murray and Murrumbidgee regions, and has been partially trialed in the Central West (DLWC 2001) . It involves a method of harnessing the available expert and local knowledge to rapidly produce valid maps showing the relative impact of a single action across the landscape towards a single target. These maps can be overlayed to analyse relationships between actions (such as co-benefits and synergies) to determine where maximum advantage will be obtained. A wide range of analytical and statistical tools is available as a direct result of regional requirements identified during the prototyping phase (DLWC 2001) . Grid based analysis under the flexible and widely available ArcView GIS environment allow more detailed techniques to be easily integrated into the framework -the process is not intended to replace scientific modelling, but to offer an alternative in cases where modelling is not available.
Despite these and other examples of the tools and systems available or under development to support decision making, no one system will provide the broad range of capabilities required by decision-makers and stakeholders. Some systems will be very sophisticated and others will still be in their infancy. Furthermore, no one agency or developer will have the resources or mission to develop and maintain the range of tools needed by the decision-maker. These considerations, inconjunction with the current and evolving technology, fixed and shrinking budgets, and increasingly complex challenges of resource management (Gunther 1999) combine to provide an opportunity for expanded cooperation in accessing and developing interoperable decision support tools and systems. They also provide the impetus for models and derived datasets to be equally available and accessible through SDI. The latter will only foster an open and competitive supply chain of value-added data and decision-support resellers and stimulate an evolving market of spatial data and service provision.
FUTURE DIRECTIONS FOR SDI DEVELOPMENT
The institutional mechanisms discussed above provide different levels of support for the decision process (intelligence, design and choice phases) in terms of the discovery, access to and applicability of information available as well as the desired intent-of use. Obviously, there are many existing methods to distribute data and knowledge to communities to assist spatial decisionmaking. Ideally, the SDI institutional framework provides the facilities for stakeholders to share and exchange information, so the process is not simply one of spatial data dissemination.
Atlases and directories provide the means for text and often spatial searches for data discovery/availability to satisfy the intelligence phase of the decision process. These institutional mechanisms as yet fall short of providing access to data for analysis and modelling or to derived data products where this analysis has already been done by value-adding resellers, or where models could be found through which to achieve this design phase of the decision process. The capability for directories to provide more than unidirectional links to other sources of data and accept the addition of independent data provide the foundations to support a competitive data market and preliminary clearinghouse development for access and two-way dissemination of data, but as yet are not widely used. Until such a time, however, the design and choice phases of the decision process are limited to that based on available data visualisation in customisable data atlases, and the proposed current SDI model (Figure 1a ) of users accessing data directly through the technical components of the SDI.
The online cadastral-based services, the community resource centres and decision support technologies have a different emphasis to the atlases and directories. These institutional mechanisms have greater capability to extend data availability and the intelligence phase of the decision process to making tools, information, and the skills with which to interpret data, more accessible, as well as offering broader support to the design and choice phases of decision making. In terms of decision support technologie s and systems (DSS) this refers more to extending the interpretative capabilities to those without the analytical or modelling resources, experience or alternatively extending the datasets derived from such analyses. In the existing model of SDI (Figure 1a ) the ability for DSS to contribute these advantages to supporting spatial decision processes is much reduced by the focus of SDI on users accessing datasets directly. The delta SDI model (Figure 1b) alternatively enables the exchange of derived datasets, models, and other data services that not only increases the capacity of the spatial data market, but also the ability for different phases of decision making. Participants with different levels of spatial data skills are able to access the data directly, or through technologies able to visualise, model, analyse and/or summarise spatial data. The variety of mechanisms enabling the presentation of spatial data to be used for decision-making activities ultimately makes the derived delta SDI model more flexible to the evolution of the spatial data market and adaptable to the changes presented by users and the ongoing development of spatial technologies to support presentation and decisionmaking.
Future directions for SDI development following the proposed delta-model (in Figure 1b) will continue to require greater institutional framework development through mechanisms to meet the challenges of diverse decision-making environments and spatial data interpretation. Issues such as urban renewal, forest management, native title administration, coastal economic zone management, defence, drought relief and landcare cannot be addressed without available, accessible and applicable spatial data that address the decision process. This will require a greater consideration b e given to the range of mechanisms available to support decision processes, provide interpretation, analysis and flexible applicability of spatial data to decision-making in SDIs, as well as the perception of the infrastructure as purely a data facility.
CONCLUSIONS
The concept of a derived SDI model with institutional and technical frameworks enabling the production of spatial data products, services, the long term support of spatial industry processes and decision-making needs to be examined and debated. The ability of SDI to support decisionmaking processes and a varied user environment is dependent on the current and developing capabilities of SDIs to support spatial data and derived data products, models and decision support technologies, through the mechanisms developed within institutional frameworks.
The interaction of the spatial data users and suppliers and any value-adding agents in between, drive the development of any SDI. These present significant influences on the changing spatial data relationships within the context of SDI jurisdictions. This paper looks at how availability and accessibility of spatial data are being achieved by examples from a range of institutional mechanisms. These mechanisms include spatial atlases, spatial data directories, online cadastralbased services, community resource centres and decision support technologies. The variety of decision-making levels supported by these different initiatives is reviewed in terms of the three stage decision process theory established by Simon (1960) and still reviewed as the foundation of decision process and decision science theory. While accepting that these mechanisms support decision-making by promoting the availability and accessibility of spatial information to support the discovery of data and the preliminary design and evaluation of data that may be used in the decision-making activity the mechanisms largely fall short of addressing the applicability of spatial data to the decision environment. The paper concludes with a discussion of the implications of the approaches to developing institutional support for decision-making as part of SDI development, as well as a consideration of directions for SDI development in the future to support spatial decision-making processes.
